tients with major bums. Although the recent introduction of topical antibacterials has allowed a greater percentage of burns to proceed to healing without grafting, the need for wound closure by autografts remains. In a 50 per cent full thickness burn in an adult, the amount of skin required to obtain wound closure has been estimated at 6,000 square centimeters. 29 Because this large amount of donor area is not always immediately available on the patient, other substances have been sought to obtain a temporary closure of the wound, while awaiting the time when donor areas may be used again.
Over 100 years ago, Pollock applied the first homograft onto a burned patient.14 Ten years later Lee attempted the first heterografting of burn wounds in the United States.17 Later, Ivanova suggested that fetal skin might have an advantage over adult skin when used as a homograft on burned patients because the infantile tissue possessed more "energetic vitality." '5 Following the suggestion of W. L. Thornton, a senior medical student at The Johns Hopkins University, John Staige Davis in 1910 reported attempts at grafting pieces of the lining of the amniotic sac onto granulating wounds. 7 Sabella treated a burned patient with amniotic membranes for the first time on June 16, 1912.25 Early attempts at using these substitutes for the patient's own skin were designed to obtain epithelial continuity of the burn wound and to provide permanent coverage. Although Davis8 stated, in 1919 , that these Submitted for publication March 20, 1972 . substitutes, if left in place would eventually be rejected; attempts at permanent replacement continued. By 1938, Bettman2 had reviewed all of these attempts and reported that substitute coverage could be gained while they were in place. The concept of homograft splitthickness skin being used as a temporary emergency biological dressing was popularized by Brown and associates.34 Douglas1O reported using amniotic membrane tissue as such a temporary covering for burns, later, however, to be replaced by split-thickness skin autografts.
Temporary biological dressings have a demonstrated usefulness in rendering the burn wound less painful, in decreasing the fluid and protein loss from the burn surface, and in gaining valuable time for allowing donor areas to re-epithelialize prior to the next harvesting of autografts. All of the biological dressings mentioned can serve these functions. In addition, Eade'2 has shown that homografts, used as temporary dressings, were useful in decreasing the bacterial population in the granulating tissue of the burn wound. Switzer et al., showed a similar effect with heterografts. 30 The effect of amniotic membranes on the bacterial growth in the wound has not been previously reported. The purpose of this study was to re-evaluate the use of amniotic membranes as a temporary biological dressing both in the laboratory situation and in patients with thermal injuries.
Materials and Methods Fresh amniotic membranes were obtained at the time of delivery from sero-negative mothers, who had no 144 HUNIAN ANINIOTIC MEMBRANES 145 history of either premature rupture of the membranes or endometritis. The membranes were removed from the placenta aseptically, making no attempt to separate them into amnion or chorion. Using aseptic technic, the membranes were passed through five rises of sterile isotonic saline. In addition, those not being used immediately in the laboratory studies, were passed through one rinse of 0.025 per cent sodium hypochlorite and an additional five rinses of saline prior to being stored at 40 C for clinical use. All membranes were cultured at 24 hours, 3 days, 1 week, 2 weeks, 4 weeks and 6 weeks.
Part "A"
Fifty white, Sprague-Dawley rats weighing 200-250 Gm. underwent a standard 20% full-thickness scald burn of the back using the Brooke burn model. They were immediately topically inoculated with 108 Pseudomonas aeruginosa organisms obtained from fresh 18-hour broth culture. After 5 days, those rats surviving the burn wound sepsis, underwent burn escharectomy.
The area beneath the removed eschar was divided into three equal areas and tissue biopsies were obtained from each area for quantitative and qualitative bacterial analysis.22 After cleansing the surface of the wound with isopropyl alcohol, a piece of tissue was removed. It was aseptically weighed, flamed, and homogenized after being diluted 1:10 with thioglycollate. Serial tube dilutions and backplating were then performed to arrive at a bacterial count. Following biopsy, the three areas of the burn were treated as follows: one had an amniotic membrane sutured into the defect; another had a piece of human skin approximately 0.014 inches in thickness sutured into the defect; and the third area was left untreated as a control (Fig. 1) 
Part "C"
Ten patients with deep partial-thickness or full-thickness burns were studied. The patients were treated with topical antibacterial agents until eschar separation in full-thickness injuries. The agents used were silver sulfadiazine (1%), sulfamylon acetate (10%), and gentamycin sulfate (0.1%). At that point, the topical ther- '29 In all of these studies, the amniotic membranes were left in place until disintegration occurred. Once the softening and dissolution process begins, it seems obvious that any beneficial effect of the amniotic membrane would be negated. Therefore, in the present study, the membranes were changed every 48 hours. As demonstrated by Shuck and Moncrief27 for homograft skin, in a less tidy wound more frequent changes prevent collections of purulent material from developing under the biological dressing. This allows for firm adherence of the membrane to the underlying granulations. In the present studies, no disintegration occurred within 48 hours when adherence of the membrane was maintained.
Because of the occasional positive cultures discovered in the amniotic membranes prepared for laboratory use in sterile saline, those prepared for clinical use underwent a slightly different preparation. Dino et al. have reported the testing of many agents to sterilize amniotic membranes. They found sodium hypochlorite effective. It is felt that a single rinse of 0.025 per cent sodium hypochlorite together with rinses of sterile saline, will not change the biologic effectiveness of the amniotic membrane to any significant degree.
Frequently changed amniotic membranes were more successful in decreasing the bacterial count in contaminated rat burns than was human skin (Fig. 3, Table 1 ). This raised the question as to whether there was a substance in amniotic membrane which was specifically antibacterial. One such possibility is allantoin, which is known to exist in amniotic membrane. Needham'9 reported studies by A. W. A. Brown showing the beneficial effect of maggots on contaminated wounds was due in part to the allantoin and urea excreted by them. Another possibility is lysozyme, a bacteriolytic protein of low molecular weight which is present in amniotic tissues. 13 To test for the presence of such a subcellular substance being responsible for the increased antibacterial effect seen in rats, amniotic membrane homogenate was compared to human skin homogenate in vitro. The complete lack of any demonstrable effect on bacterial growth by the varying dosages of tissue homogenate was not unexpected ( The nonuniformity of a clinical burn make comparative studies in the clinical situation difficult to interpret. Although the number of patients and comparative observations were too small for statistical analysis, amniotic membranes appeared to decrease the bacterial count in the burn wound at least as well as homografts. In patients, significant gross infection is not often present in the burn wound managed with topical antibacterials. Therefore, any changes due to biological dressing will be of small magnitude and will require a great many observations to obtain statistically significant data.
The amniotic membranes fulfilled all of the functions of an ideal biological dressing. In terms of their large size and ready availability at no cost to the patient, they are actually superior to bomograft and heterograft skin. In addition, the membranes appear to have another property. Subjectively the rapidity of ingrowth of epithelium form the borders of the wound in full-thickness defects and the rate of re-epithelialization of partial-thickness burns appear to be increased by their use. Chao et al. 5 and Troensagaard-Hansen31 also have noted that amniotic membrane seemed to possess some specific healing power. They have reported a stimulation of both fibrous-tissue growth and more rapid epithelial repair. Needham19 has summarized the available information on the growth-promoting factor fouind in embryo extract. Although the available evidence seems to point to an acceleratory action of amniotic membranes on the healing of wounds, that phase of their action was not objectively studied in the present investigation.
Summary
Amniotic membranes have not previously been studied using the standard methods currently in vogue for biological dressings. The present study has evaluated amniotic membranes changed every 48 hours on a standard infected eseharectomized scald burn in the rat. Compared to human skin the amniotic membrane was more effective at decreasing the bacterial couints in the burn wound. A specific antibacterial substance was sought using in vitro technics with amniotic membrane homogenate. No such substance was found. It is proposed that the in vivo antibacterial effect seen is due to the achievement of a biologically closed wound by the membrane, thus allowing the host's own defense mechanisms to deal with the bacterial population as did other biological dressings. However, their large size, ready availability, and lack of cost make them more desirable.
